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ABSTRACT

This report presents aerodynamic data obtained from a joint Langley Research Center
(LaRC)/Marshall Space Flight Center (MSFC) Space Shuttle abort stage separation wind tunnel
test. The . 00556 scale models of the McDonnell-Douglas orbiter and booster configurations
were tested in close proximity using dual balances in Tunnel A of the Von Karman Facility
(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 to
April 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range
from -10° to 10° for zero degree sideslip angle. The models were tested at several relative
incidence angles and separation distances and power conditions. Plug nozzles utilizing air
were used to simulate booster and orbiter plumes at various altitudes along a nominal ascent
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data
with and without booster power were obtained utilizing a single balance in the booster model.
Data were also obtained with the booster canard off in close proximity and for the launch con-
figuration.

Plotted data for this test will be published under one data report number (DMS-
DR~-1108) with seven volumes as described below:

Volume Description
I Mach Number 5 Booster Proximity Data
i Mach Number 5 Orbiter Proximity Data
i Mach Number 3 Booster Proximity Data
v Mach Number 3 Orbiter Proximity Data
Vv | Mach Number 2 Booster Proximity Data
VI Mach Number 2 Orbiter Proximity Data
v Interference Free Data for Orbiter and Booster, Launch Vehicle

Data, and Proximity Data for Mach Numbers 4 and 6

A report containingSchlierenphotographs will be published by AEDC. Schlieren
photographs were taken at -10, 0, and 10 degrees angles of attack for each pitch
polar,
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SUMMARY

, This report presents aerodynamic data otained from a joint Langley Research Center

(LaRC)/Marshall Space Flight Center (MSFC) ¢ pace Shuttle ahort stage separation wind tunnel
test. The , 00556 scale models of the McDonnell-Douglas orbiter and booster configurations
were tested in close proximity using dual balances in Tunnel A of the Von Karman Facility
(VKF), Arnold Engineering Development Center (AEDC) during the time period of April 21 to
April 27, 1971. Data were obtained for both booster and orbiter over an angle of attack range
from -10° to 10° for zero degree sideslip angle. The modcls were tested at several relative
incidence angles and separation distances and power conditions. Plug nozzles utilizing air
were used to simulate booster and orbiter plumes at various altitudes along 2 nominal ascent
trajectory. Powered conditions were 100, 50, 25 and 0 percent of full power for the orbiter and
100, 50 and 0 percent of full power for the booster. Pitch control effectiveness data were
obtained for both booster and orbiter with power on and off. In addition, launch vehicle data
with and without booster power were obtained utilizing a single balance in the booster model. .
Data were also obtained with the booster canard off in close proximity and for the launch con-
figuration,

Plotted data for this test will he published under onc data report number (DMS-
DR-1108) with seven volumes as described below:

Volume Description '
I Mach i\lumber 5 Booster Proximity Data
I Mach Number 5 Orbiter Proximity Data
I Mach Number 3 Booster Proximity Data
v Mach Number 3 Orbiter Proximity Data
v Mach Number 2 Booster Prokimity Data
VI Mach Number 2 Orbiter Proximity Data
vII Interference Free Data for Orbiter and Booster, Launch Vehicle

Data, and Proximity Data for Mach Numbers 4 and 6.

A report containingSchlieren photographs will be published by AEDC. Schlieren
photographs were taken at -10, 0, and 10 degrees angles of attack for each pitch
polar, ‘
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CONFIGURATIONS INVESTIGATED

The two configurations tested were the MDAC orbiter and booster,
figures 4 and 5 respectively., The orbiter is basically the configuration illus-
trated on MDAC drawing number 255BJ0050. Modifications made on the
orbiter to allow for installation of the nozzle assembly is shown in figure 4.
The booster configuration is basically the configuration designated 19A
by MDAC (drawing number 256-19-0001). The body, wing, and canard of the
booster model are that of configuration 19A except that the body does not
have a base flare or boattail, figure 5. The vertical tails are those which
were designed for the configuration designated 17 (drawing number 256-17-001).
Both the orbiter and booster models had moveable elevons with deflection
angles of 0°, ilOo, and i20°. Geometric characteristics are shown on the
following pages. Figures 4, 5, and 6 are photographs showing both models
and models with associated separation hardware. Figures 5 and 6 also show
the trip strip installation. For Mach 5 a grit size of #26 was utilized. However,
at the beginning of the test a grit sizing study was performed which showed a

slight effect on C, only.



NOZZLE CALIBRATION

Two plug nozzle systems were designed and fabricated to simulate the
rocket exhaust plume emitting from the booster and orbiter main propulsion
systems during staging. Each nozzle was designed based on the gasdynamic
simulation parameters established in Ref. 1. A variable area ratio capability
was incorporated into both nozzle systems to permit the proper gasdynamic
simulation of the full scale rocket exhaust plume at the various trajectory
conditions of interest. Photographs of the nozzle hardware are shown in
figures 6, 7 and 8,

Nozzle Calibration Test Objectives

The objectives of the nozzle calibration test were:
o Establish, experimentally, nozzle performance characteristics
for the range of area ratio settings to be used with the booster

and orbiter nozzles, respectively,

o Establish the degree of plume simulation obtained with the booster
and orbiter nozzles, respectively. '

o Establish a curve (based on experimental results) of nozzle exit
conditions as a function of nozzle area ratio setting.

Nozzle Calibration

Calibration testing of the booster and orbiter plug nozzles was accom-
plished in Tunnel C of the Arnold Engineering Development Center's Von Karmon
Gas Dynamics Facility. The nozzles were tested individually at a series of area

ratio settings. Nozzle operating conditions (chamber pressure, poj; and chamber



temperature, Toj) were maintained in a range compatible with the abort staging
test conditions. A quiescent low pressure, Py, condition was maintained in the
test cell, Data recorded at each area ratio setting included: optical data to
determine plume shapes; static pressure measurements on the sting surface at
the nozzle exit; nozzle mass flow measurements; and pitot pressure surveys in
the plume at several locations downstream of the nozzle exit plane. The various
test parameters sampled at each setting were correlated during the data evalu-
ation to establish actual nozzle performance characteristics.

In a parallel effort, analytical solutions of the nozzle flow field and asso-
ciated plume were generated for various area ratio settings of the booster and
orbiter models. A method of characteristics solution employing real gas thermo-
dynamic data for air was utilized in the calculations. Analytical results for each
area ratio setting included: plume shape; static pressure distribution along sting
surface; and plots of constant Mach number and constant pitot pressure contours
in the plume flow field. These results formed a baseline for evaluating the ex~
perimentally measured performance of the plug nozzles.

A detailed evaluation of the calibration test results has been prepared and
presented in Reference 2. Included in this reference are curves relating
experimentally measured nozzle performance to nozzle area ratio settings
for both booster and orbiter. These curves were utilized to set the correct

nozzle area ratio for exhaust plume gasdynamic simulations during the test.



TEST PROCEDURE

Abort staging was simulated by movement of the orbiter model through
a matrix of points in the booster model flow field, Vertical and axial trans-
lation of the orbiter model was provided by an electrically driven remotely
controlled positioning mechanism. The general arrangembent of the models
in the tunnel is shown in figure 3. The orbiter positioning mechanism and
the booste;' model support were attached to the wind tunnel angle of attack
system which provided +10-degree angle of attack variation for the booster-
orbiter combination. Incidence angle variation was provided by manual
adjustment of the orbiter sting.

The orbiter positioning mechanism provided axial translation of approxi-
mately 17 inches and vertical translation of approximately 15 inches with
respect to the booster. An automatic control system allowed a series of posi-
tions to be programmed prior to a test run. The control system had provi-
sions for 25 different x-positions and 25 different z-positions. For these
tests, however, only 9 x-positions and 8 z positions were utilized. All x and
z positions except the first and last could be switched in or out of the matrix
as desired,

The automatic positioning mechanism was slaved to the angle of attack

mechanism so that as a pitch sweep was completed the positioning mechanism



was released to advance to the next matrix point and as the point was reached
the angle of attack mechanism was released for a pitch sweep. The entire
matrix was covered in this manner and about 30 seconds were required for
each pitch sweep in the matrix,

Plume simulation was provided by a single torodial nozzle in each model.
The ﬁozzles were designed w.ith variable area ratio capability to permit proper
simulation of the full-scale rocket plume at the various trajectory conditions
of interest, Pretest calibration of the nozzles was used to correlate area ratio
settings with measu;ed plume shapes, nozzle mass flow, and nozzle exit static
pressure. Air heated to approximately 100°F was supplied to the nozzles, and

separate controls for the booster and orbiter supplies were provided.
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TEST FACILITY DESCRIPTION

Tunnel A is a continuous, closed-circuit, variable density wind tunnel
with an automatically driven flexible-plate-type nozzle and a 40- by 40-inch
test section. The tunnél can be operated at Mach numbers from 1.5 to 6 at
maximum stagnation pressures from 29 to 200 psia, respectively, and stag-
nation temperatures up to 750°R (M, = 6). Minimum operating pressures
range from about one-tenth to one-twentieth of the maximum at each Mach
number. For a more comprehensive description of Tunnel A, see

Reference 3,
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TEST CONDITIONS
TEST VAé6:

REYNOLDS NUMBLR DYNAMIC PRESSURE STAGNATION TIMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
-/ | — =
501 *.oll .09 xi0" f777] 0,73 122 7
7
v 40630 057 __[Sossrce)
BALANCE UTILIZED: 406 b =y BoosTce
COEFFICYENT

CAPACITY: CAL: ACCURACY:

e 2150 \bs 50
SF 2 150 \pe ¥25 k-

A¥ 25 __lbg _ 25 bs

PM TS5 10 m-lbs 2 1250k

Yr =510 p-lbs 4D indhs -
RM L 00 jn.lbs ¥ 20 mils =

TOLERANCE: NEAR MAX,
NEAR MIN, VALVE VALVE T,

RO TS NE B 4

. 006 1.5
L6032 ———
2o b
.00/ 1.2
L0208 —
noel —

COMMENTS: |, QOEQ‘Q\C\cW\' Aolevances iilude ungcn‘éz)n'//cs /n ’/unnc/
conditions and memenr dransfor distances gs-well as

balance wunceviaintic -,

Z, UI’\CCY‘}'G}M‘}L‘ |.n & avl tneidesnce an7/¢ = ro./de;
3. Unccr+ain+«1 in X/L arnd ZA. = .00
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TEST CONDITIONS
TEST Vd 16 F

MACH NUMBER

REYNOLDS NUMBER DYN/MIC PRESSURE
per unit length (pounds/sq. inch)

STAGNATION TEMPERATURE
(degrees Fahrenheit)

5.0/ 1.0]

Loyl Y 073

/32 L -

BALANCE UTILIZED:

CAPACITY:

Ny 2200 |bs

s¥ 1200 lbs

t5 s, 202 |bs
125 \bs. Fo. o fbs

AT 50 |bs 25 lbs, *+o. 1 ks

PM *_(80 in-lbs 100 inlhs _F o 1 ancibs
YM + 680 /n-Jbs t35in-dks _F ©.1 yn-lbs
M ¥ 10O jh-tbs 220 in-lks 2 5.55 i lbs

COMMENTS: Oame as o

Fy eviols P e,

4.00-Y = 3L-DE0 (0515,7;&;‘1\
COEFFICIENT
CAL - ACCURACY : TOLERANCE :

NEAR MAX
Hete MM vawe  YAWE Do

.ol 2./
2 006 —
Y oob 73
i po¥ 2 3
+ pol —_—
T 0005 R




TEST CONDITIONS

TEST VA UG
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
T /-7
| 3.00 1.0/ (.65 X/0 il 7 zoL /20
! 0.96 yio; {4 117 120
BALANCE UTILIZED: 4.06-Y-26-037 (BOO.STER,>
COEFFICIENT
CAPACITY: CAL!  ACCURACY: . TOLERANCE: (g 2.0) ,
. . MEAR MIN. VALVE | NEBR MAY VALVE, %o
NP * 50 lbs. *s50 - +0.2. s _Fo 00 o
SF X |50 |bs, = £25 10, ' 30,00/ —
AF ZS ‘bé___ 25 EN-2S ’ Yoy, oond, AT
PM 5D in: 'ﬁé *)25 “I0.4 - Too0004 ﬁ:. -
™ _‘._t_é}D s T 40 0,0 . Yo, 000l .
RM t)oo 1n-lbs T 20 - X0,05 + 0, ooo[ e

COMMENTS: WCoe%c.en‘\‘ +o\¢vahc<..s include uncer+nun+ne,.s n tunnel
conditions and mement Fransfer. dla-/anccs as well as.

Z.

balance uncev'lm nties,

‘-

Uncertaintg i o and ingidence: any)e. = ta/ d¢7
3. Uncerfaqu in K/L. and #/L ,-0.007— .
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TEST CONDITIONS
TEST VA 13

REYNOLDS NUMBER

DYNAMIC PRESSURE

STAGNATION TEMPERATURE

MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
| 3,00 1.0l 1,65 X104 2.02 /20
! 0.9¢ xi0® £ 117 /20

BALANCE UTILIZED:

4_00-;\(- 3@-0 SO IOzg)n'e) |

CAL:

COEFFICIENT

CAPACITY: ~ ACCURACY: " TOLERANCE: (e = 2.0%) ,
. R MIN, -

NF 1200 lbs xS - 0.2 N.Eni g.oo\ffwe NEA‘.’? Mz‘f  YALE, %
SF t 200 s __tzs £0.] 0, 00C
AF o_|bs 25 0l 0. 00¢C T4
PM _é_tQ_ﬂE 100 0,1 ¥ 5.00 L T
YyM £ 680 in-lbs * 35 x O ~ 0.0007. —
RM f100_in-bs _* 20 10,05 10 po02 g

COMMENTS: " SQame. 05

»

on previous page ..
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TEST CONDITIONS
) ‘  TEST _\A1l&3

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
2.00 % o1 | 177 xi02 2,76 /2.0
; 328 x10° 7! 5.07 /20
BALANCE UTILIZED: 400 -N-26-0S0 ( Oesi7ee )
| : COEFFICIENT - :
CAPACITY: CAL!  ACCURACY: TOLERANCE: (a>~ ¢ 76)
. - NEAR MIN. VALWVE| NEAR MAX, YALUE
NF 200 ]ﬁ"' %75 . +0.2 CFpo0z | +0:9 )%
SF +_ 200 S t 25 0.} 00,0015
AF _50 bs 25 z0.l To,00(s r0.8
PM 0 _in-lbs _¥100 ro.) 10,0015 r 2.4
M LE¥0 inlbs £ 35 T D, ¥ 0,0005 ———
RM 2100 th-lbs _* 20 20,05 + 0 .000] R

-

on previous page . "
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TEST CONDITIONS
TEST VA 63
REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
| z.p00t 0/ |.777 X102 2.74 126
y 3.28 xi5 {1 5,07 120
BALANCE UTILIZED; 4.06-Y-36-037 (Boo.vrf&} ,
| COEFFICIENT

CAL !

CAPACITY : * ACCURACY:
nF 1150 lbs. *so + 0.2
sF 1 |50 |bs, %25 T0.
AF 25 lbs _ 25 10,05
PM X510 in 125 Ip.4
M 5[0 _in-lbs T 40 * 0,2
RM L (00 in-lbs T 20 *o,05

TOLERANCE: (oo = 2:76)

" NEPR MIN. VALVE | NERR MAX, VALVE, T>
o _Yo.o015 0.9
" to.,0008 —_—
T o.0004 To,8
S 0,007, 0,8
t o000l R
+ 0,000 —

COMMENTS: “ T Coeficient  dolerances include uncertuinties -in funmel |

conditions and mement Frgiiter distances as well as |
balance uncertainties, '

2. Uncertainty Ja =X and jhcidence angle =10, d¢7
s, 'Uncer'}-ainﬂ in X[L and Z/L » t0.0072 .
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DATA REDUCTION

FOR SADSAC

In the continuous pitch mode of data acquisition the wind tunnel
parameters and model nozzle pressures were recorded at the beginning
of each pitch sweep. The outputs of both balances and the angle of attack
were scanned continuously at a rate of 67 times each second. Forty scans
of these inputs were averaged to compute each data point, and when com-
bined with the pitch rate of approximately l1-degree per second, a data
point was computed every 0.6 degree. Linear interpolations were made
between data points to obtain the data for even increments of booster
angle of attack, and the data were tabulated in 1-degree increments of
booster angle of attack from -10 to +10 degrees,

Schlieren photographs were automatically taken at pre-selected
angles of attack during each pitch sweep. For these tests a photograph
was taken near maximum, zero, and minimum angles of attack. Opening
the camera shutter provided a photograph indicator record on the data
tape which was used by the computer to calculate the booster angle of
attack at which the photograph was taken. The camera shutter speed com-
bined with the model pitching rate yielded an uncertainty in the tabulated
photograph angle of attack of approximately 10.2 degree. A report con-

taining a summary of all schlieren photographs will be published by AEDC.

TO



The measured force and moment data for both models were corrected
for balance tares and reduced about the respective moment reference points
and the body axis system. The dimensional data used to reduce the orbiter

measured data to coefficient form are listed and defined below:

Sref = Orbiter wing planform area = 23.689 in. 2 (0.164 ftz)
l.ef = Orbiter wing mean aerodynamic chord = 4.193 in.
b = Orbiter wing equivalent span = 6.5 in. (0.542 ft)

The moment reference point (MRP) for the orbiter data is 4.917 inches
aft of the nose, on the lateral center line, and 1.390 inches below the top
fuselage surface. The dimensional data used to reduce the booster measured

data to coefficient form are listed below:

Sref = 44.444 in. 2 - model reference area based on a full scale
reference area of 10, 000 £t2 (see Data Report
DMS-DR-1054, page 6)

l.eg = b =13.333 in. = model reference length based on a full

scale reference length and span of 200 ft (see
Data Report DMS-DR-1054, page 6)

The moment reference point applicable to the booster data is 7.528 inches
aft of the model nose, on the booster lateral center line, and 1. 194 inches above
the bottom fuselage surface,

The 4X and AZ distances were referenced to the moment reference points
of the orbiter and booster and the booster body axis system. For example, the
AX distance is parallel to the longitudinal axis of the booster and between the

moment reference points on the orbiter and booster., The AZ is perpendicular

TL



to the longitudinal axis of the booster and that distance between the moment
reference points on the orbiter and booster. Values for AX and AZ are posi-
tive when the orbiter moment reference point (MRP) is forward and above the
booster MRP, Both AX and AZ were normalized using the booster fuselage

length of 16.184 inches.

The reference lengths used to reduce the orblter deta, booster data and
normalize the AX and AZ dsta were different; these different values
are listed and dlscussed sbove. The large negestive values of pltching moment
coefficlent for the orbiter at a -0.391 value of AX/lB and booster power

on condition were apparent because the orbiter was in the plume of the booster.

For each dual balance test run the orbiter and booster data were separated
and assembled into data sets utilizing AZ/lg (SADSAC parameter name
DELTAZ) as the first independent variable (IDPVAR(I)) and booster angle of
attack as the second independent variable (IDPVAR(2)) (see collation sheets).

Test data applicable to a AZ/lg value of 10.0 are interference free data.

DATA NOMINA LIZING

Varying balance and sting deflections which were caused by variations in
model attitude and test conditions prevented the data frorﬁ being obtained at
constant values ofo(I and Az/lB. The differences between the nominal va lues
and the values obtained during a test run were acceptable at the higher Mach

numbers because of low aerodynamic loads. However, the differences
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became appreciable at the lower Mach numbers. At the lower Mach numbers
(Mach numbers of ? and 3) pitch-plane coefficients (CN, CLM, and CA) for

the booster and orbiter models were cross-plotted versuso(I at each booster
angle of attack and test condition to adjust the coefficients to nominaio(l values.
These values were then cross-plotted versus Az/lp to adjust the coefficients

to nominal Az/1p values. This nominalizing was accomplished with a digital
computer data fairing routine which used third degree polynominals determined

by the coordinates and the slope at adjacent data points,



SUMMARY DATA PLOT INDEX

PLOTTED
COEFFICIENTS CONDITIONS
TITLE DATASETS SCHEDULE VARYING PAGES
Orbiter
AEDC VA 1163 MDAC Booster and RT8TTL (a) Separation 1-27
Orbiter Test Data at Mach Number 4 thru Distance
RT8782
AEDC VA 1163 MDAC Booster and RT8783 (a) Separation 28-54
Orbiter Test Data at Mach Number 6 ﬁwac Distance
RTSTI9L
AEDC VA 1163 MDAC Booster and RT8792 (a) Separation 55-81
Orbiter Test Data at Mach Number 6 thru Distance
(No Canard) RT8800
Booster
AEDC VA1163 MDAC Booster and RT8515 (A) Separation 82-108
Orbiter Test Data at Mach Number 4 thru Distance
RT8523
AEDC VA 1163 MDAC Booster and RT8524 Abv Separation 109-135
Orbiter Test Data st Mach Number 6 thru Distance
RT8532
AEDC VA 1163 MDAC Booster and RT8533 () Separation 136-162
Orbiter Test Data at Mach Number 6 thru Distance

(No Canard) RT8541

4




SUMMARY DATA PLOT INDEX

( CONTINUED)
PLOTTED
COEFFICIENTS CONDITIONS
TITLE SCHEDULE VARYING PAGES
Interference Free-Orbiter
AEDC VA 1163 Orbiter Interference (B) Mach Number 163-180
Free Aerodynamics
Interference Free-Booster
AEDC VA 1163 Booster Interference (a) Mach Number 181-204
Free Aerodynamics
Launch Vehicle
AEDC VA 1163 Leunch Vehicle (c) Mach Number 205-216
Aerodynamic Characteristics
Grit Size and Reynolds Number Effect
AEDC VA 1163 Grit Size Effect Upon (c) Grit 217-222
Orbiter Interference Free Aerodynsmics
AEDC VA 1163 Reynolds Number Effect (c) Reynolds Number 223-225

Upon Orbiter Interference Free Aerodynamics

Tha



SUMMARY DATA PLOT INDEX

( CONCLUDED)
PLOTTED
COEFFICIENTS CONDITIONS
TITLE SCHEDULE VARYING PAGES
AEDC VA 1163 Grit Size Effect Upon (c) Grit 226-231
Booster Interference Free Aerodynamics
AEDC VA 1163 Reynolds Number Effect (c) Reynolds Number 232-234

Upon Booster Interference Free Aerodynamics

PLOTTED COEFFICIENTS SCHEDULE:
(4) CIM, CN, AND CA vs. ALPHAB
(B) CIM, CN, AND CA vs. ALPHAO

(c) CIM, CN, AND CA vs. ALPHA

T4b



FIGURES
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Notes:

1. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2, For clarity, origins of wind and stability
axes :.ave becen displaced from the center
of gravity.

Axis systems, sitowing direction and sense of force and
moment coefficients,; angle of attack, and sideslip angle

Fizire 1.

T6

NASA-MSFC-MAF
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40-INCH SUPERSONIC TUNNEL A

R YORI . Scale - 15

Nom, C.R. AR C.R. Tunnel Viall

81 ¥ :
e ta, 24.12 4 Roll Hub
—= | Sta, 0.00

-~

Max, fud. PL
Sta, 73.22

Tunne! Wall

———— High Temperalure Windows

PinA
" =—=— Low Temperature Windows .

Figure 3 - General arrangement of models In tunnel

78




’
3,235
Fuselage Cross-
Section Constant I\/
From Station 1500 ‘
to End of Body L

Sta, 223 600 1100 1500
| 10.69"

Jw/U
L

Fig. 4 - Modifications to Orbiter Model

/
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Fig. 5 - Modifications to Booster Model

5.435
No Orbiter Attachment
/"~ Point Fairing
4 Y
No Base
Flare +-
Config, 17
Vertical
Config., 19A Body _ Tail
Config, 19A Nose Except for Indicated
Moditications
—
2.296"
.fIOoumwm. 19A Canard » ﬂ_(l Fuselage
N Modification
-t 16,184 .

V4
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(5-14=71) VA1163 SPACE

 Figure 6,

U.S. AIR FORCE PHOTO-AEDC Not cleared for public release without
ARO INC. OPERATING CONTRACTOR written approval of the responsible
ARNOLD A.F. STATION TENN. 3 Force Office of Information.

SHUTTLE NOZZLES ¥ o i = : : :
Photograph of Booster and Orbiter Sting Nozzle Hardware
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(5-14=71) VA1163 SPACE SHUTTLE NOZZLES

Figure 7

Photograph of Booster Nozzle Hardware
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(5-14-71) VA1163

UsS, AIR FORCE PHOTO-AEDC
ARO INC. OPERATING CONTRACTOR
ARNOLD A.F, STATION TENN.

Not cleared for public release without
rior written ap of the inm1

* Force Office of Information.

SPACE SHUTTLE NOZZLES T jogyure 8.

Photograph of Orbiter Nozzle Hardware
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U.S. AIR FORCE PHOTO-AEDC Not cleared for public release without
ARO INC. OPERATING CONTRACTOR prior written approval of the responsible
* ARNOLD A.F, STATION TENN. Air Force Office of Information.

Figure 9, Photograph of MDAC Booster and Orbiter Models

(3-22-71) VA1163 NASA - SPACE SHUTTLE FORCE TEST
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(4=2/=/1)

U.S. AIR FORCE PHOTO-AEDC Not cleared for public release without
ARD INC. OPERATING CONTRACTOR prior written approval of the responsible
ARNOLD A.F, STATION TENN. Air Force Office of Information.
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i

/ Figure 10, Photograph of Side View of Models and Separation Hardware

VAllbS

NASA 515 FURLE MuLEL
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Biguret] 1

(4-27-71) VA1163

U.S. AIR FORCE PHOTO-AEDC Not cleared for public release without
ARO INC. OPERATING CONTRACTOR prior written approval of the responsible
ARNOLD A.F, STATION TENN, Air Force Office of Information.

Photograph of Top View of Models and Associated Separation Hardware

NASA STS FORCE MODEL
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MODEL COMPONENT:  BODY - MDAC _Orbitex

GENERAL DESCRIPTION: Basic fuselage contours including canopy with modified

aft fuselage oross sections; cross—sectional shape constant from station 1500

to end of fuselage - model scale 1/170.

DRAWING NUMBER: 255 BJ 00060, Rev. B

DIMENSIONS: FULL-SCALE MODEL SCALE
Length 156, 369
Max. Width 27.1 .150
Max. Depth 30.3 .168

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base
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MODEL COMPONENT: Wing - MDAC Orbitex

GENERAL DESCRIPTION: _Model Scale 1/180

DRAWING NUMBER: 255 BJ 00050, Rev. B
DIMENSIONS: FULL-SCALE
TOTAL DATA
Aregf ;?2
anform 5330.0
Wetted
Span (equivalent),fr 97.%
Aspect Ratio 1.79
Rate of Taper
Taper Ratio .230
Diehedral Angle, degrees 10.0
Incidence Angle, degrees 2.0
Aerodynamic Twist, degrees Q
Sweep Back Angles, degrees
Leading Edge 55,0
Trailing Edge 0
0.25 Element Line 7.0
Chords:
Root §Wing Sta. 0.0),/wcdes 10040
Tip, (equivalent), ncHes 2119.6
MAC, inches .0
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section
Root (B.L. 162) 0010-6
Tip (B.L. 5LO) 0009-
EXPOSED DATA
Area, /7~ 147.3
Span, (equivalent), /7 70.5
Aspect Ratio 1.58
Taper Ratio
Chords
. Root, inches 855.0
Tip, inches
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
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MODEL COMPONENT: Elevon - MDAC Orbiter

GENERAL DESCRIPTION: Model Scale 1/180
DRAWING NUMBER: 255 BJ 00050, Rev. B
DIMENSIONS: FULL-SCALE © MODEL_SCALE
Area, £t? | __820.9 .025
Span (equivalent))aacﬂes 385.2 © 2,140
Inb'd equivalent chord ,incHes _153.6 .353
Outb'd equivalent chord, wches 153.6 .353
Ratio Elevator chord/horizontal
tail chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degreeﬁ
Leading Edge : o 0
Tailing Edge 0 ' 0
Hingeline . 0 . 0

Area Moment (Normal to hinge line)
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MODEL COMPONENT:

Vertical Tail - MDAC Orbiter

GENERAL DESCRIPTION:

Model Scale 1/180

DRAWING NUMBER:

DIMENSIONS:

TOTAL DATA

Area, ££°
Planform
Wetted
Span (equivalent), ft.
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root, inches
Tip, (equivalent), inches
MAC, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section
Root C
Tip

EXPOSED DATA

Area, t2

Span, (equivalent), #r
Aspect Ratio

Taper Ratio

Chords-

Root, inches

Tip, inches

MAC, inches

Fus. Sta. of .25 MAC.
W.P. of .25 MAC

90

255 BJ 00050, Rev. B

FULL-SCALE

£30,0

LIk

30.0
_‘%‘2‘212"_

302.6
00096}
—0009-6L,

580.0

MODEL SCALE

.017

.633



MODEL COMPONENT:  BODY -

e

GENERAL DESCRIPTION: Configuration 19A fuselage without base flare and boatteil

Model Scale 1/180

DRAWING NUMBER: 256-19-0001, Rev. A

DIMENSIONS: FULL-SCALE MODEL SCALE
Length (Ft) 2h1. 1.343
Max. Width (pt) _ 3.0 -189
Max. Depth (Ft) 34.0 .139

Fineness Ratio

Area
Max. Cross-Sectional
Planform
Wetted

Base
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MODEL COMPONENT: Wing - MDAC Booster

GENERAL DESCRIPTION: _Configuration 194 Ving

Model Scale 1/180
DRAWING NUMBER:
DIMENSIONS: , FULL-SCALE MODEL SCALE
TOTAL DATA
Area, f%z
Planform 6020.0 .136
Wetted '
Span (equivalent) , ft. 116.0 ~ 81T
Aspect Ratio 3.5% 3.5k
Rate of Taper '
Taper Ratio
Diehedral Angle, degrees 7.%9 7.%;
Incidence Angle, degrees 3.0 3.0
Aerodynamic Twist, degrees — 0 - - 0
Sweep Back Angles, degrees
Leading Edge L4.0 LL.0
Trailing Edge
0.25 Element Line
Chords: ,
Root gbﬁng Sta. 0.0), inches ___690.0 3.933
- Tip, (equivalent) 300.0 :
MAC, inches 520.0 2.5%9
Fus. Sta. of .25 MAC, inches 3625 20,139
W.P. of .25 MAC | inches .
B.L. of .25 MAC, inches 380 — 2111
Airfoil Section
Root 0010-6L 001.0-64
Tip 0010-6 0010-6L
EXPQSED DATA “"““‘AL“
Area | £t2 1190.0 .129
Span, (equivalent), ft.
Aspect Ratio
Taper Ratio
Chords-
Root , inches 594.0 3.300
;‘;}\E , inches ~300.0. ~l.6681

Fus. Sta. of .25 MAC
W.P. of .25 MAC
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MODEL COMPONENT:

Vertical Tails - MDAC Booster

GENERAL DESCRIPTION:

Configuration 17 Vertical Tails

Model Scale 1/180

DRAWING NUMBER:

DIMENSIONS:
TOTAL DATA (Values for one)

Area
Planform §True)
Side Projection)
Span (equivalent), inohes
Aspect Ratio
Rate of Taper
Taper Ratio

Toe-In Angle

 Cant Angle

EXPOS

Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root
Tip, (equivalent) inches
MAC, inches
Fus. Sta. of .25 MAC
W.P. of .25 MAC
Airfoil Section
Root
Tip

ED_DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
~ Root
Tip
MAC
Fus. Sta. of .25 MAC
W.P. of .25 MAC

NACA
NACA

93

FULL-SCALE

300

—156
236

P Ao

—6LA-009

MODEL SCALE

.01h

ldullilE

Lo

1.667

367
l. §ll

NACA 6)A~009
NACA__6LA-009
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MODEL COMPONENT: Elevon - MDAC Booster

GENERAL DESCRIPTION: Configuration 194 Elevons

Model Soale 1/180

DRAWING NUMBER: 256-19-0001, Rev, 4
DIMENSIONS : FULL-SCALE
Area 617 ft?
Span (equivalent) | 650 in.
Inb'd equivalent chord | 'L80 in.
Outb'd equivalent chord 93 in.
Ratio Elevator chord/horizontal
tail chord |
At Inb'd equiv. chord .3
At Outb'd equiv. chord .3

Sweep Back Angles, degreeﬁ

Leading Edge 33
Tailing Edge 21
Hingeline ’ 33

Area Moment (Normal to hinge line), F¢3 _2998

ol

MODEL SCALE

L0191 £t2
3,611 in.
..9999 in.

.5166 in.

33

33



MOIEL COMPONENT: Canard - MDAC Booster

GENERAL DESCRIPTION: Configuration 19A Canaxrd

Model Scale 1/150

TRAWING NUMBER: 256-19-001, Rev. A

DIMENSIONS: FULL-SCALE MODEL SCALE 3
Theo. Area, Ft2 1660 .051 :*_
Exp Avea, Ft2 1215 .033

Aspect Ratio .0 3.0

Chord (Inel. Flap), Ft 23,62 131
Airfoil (360 In. Theo Chord) NACA - ACA —63"61‘5'2‘-
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SYMBOL

SADSAC
SYMBOL

ALPHA

PSI

PHI

Q PSIg
Q(PSF

MACH

RN/L

Cp

NOMENCLATURE

(General)

DEFINITION

angle of attack, angle between the projection '
of the wind X -axis on the body X, Z-plane and
the body X-axils; degrees

sideslip engle, angle between the wind X, -axis
and the projection of this axis on the body
X-Z-plane; degrees

yaw angle, angle of rotation about the body
Z-axis, positive when the positive X-axis is
rotated toward the positive Y-axls; degrees
roll engle, angle of rotation about the body
X-axis, positive when the positive Y-axis is
rotated toward the posltive Z-axls; degrees
alr density; Kg/m3, slugs/ft3

speed of sound; m/sec, ft/sec

Bpeed of vehlcle reletive to surrounding
atmosphere; m/sec, ft/sec

dynamic pressure; 1/2PV? psi, psf

Mach number; V/a

Reynolds number per unit length; million/ft
static pressure; psi

totel pressure; psi

pressure coefficient; (p-pwo)/a
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NOMENCLATURE ( Continued)

Reference & C. G. Definitions

SADSAC
SYMBOL SYMBOL DEFINITION
S wing eres; m2, ft2
S SREF reference area; m2, ££2
[ wing mean serodynamic chord or reference
chord; m, f£t, in (see lref qr.LREF)
bres LREF reference length; m, f£t, in.; (see &)
bref BREF wing span or reference span; m, ft, in
Ap base ares; m2, ft2, in2
Coe & center of gravity
MRP : MRP abbreviation for moment reference point
XMRP abbreviation for moment reference point
on X-axis
YMRP abbreviation for moment reference point
on Y-axis
ZMRP abbreviation for moment reference point
on Z-axis
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NOMENCLATURE (Continued )

Axis System Genersal

SYMBOL | DEFINITION -
F | . force; F, 1lbs
M » ' moment; M, in-1lb
Subseript’ Definition
| N normal force
A | , axial force
L 1ift force
D drag force
AY force or moment about the Y exis
Z moment about the Z axis
X moment about the X axis
8 - stabllity axis system
w wind axis system
ref reference conditions
0 . free stréam conditions
t . total conditions
b : base

98



NOMENCLATURE ( Continued)
Body & Stebility Axis System

SADSAC

SYMBOL SYMBOL DEFINITION

Body Axis System
Oy CN normel force coefficient; Fy/qS
Ca CA axial force coefficient; Fp/qS
Cay, CAB base axlal force coefficient;

[-l] [(Pb - Pcn)/Q] (Ap/8)

CAf CAF forebody axial force coefficient; Cp - CAb
Ca ' CYN yawing moment coefficient; Mz/qS bref
cy CBL rolling moment coefficient; Mx/qS bref

Common to Both Axis Systems

Ca CIM pitching moment coefficient; MY/qS lref
Cy cY side force coefficient; Fy/qS
Stability Axis System
Cr, CL 11ft force coefficient; Fr/qS
Cp CD drag force coefficient; Fp/qS
CDb CDB base drag coefficient
CDf CDF forebody drag coefficient; Cp - CDb
Cp CILN yawing moment coefficient; My o/qS bres
Cy CSL rolling moment coefficient; My o/aS bree
L/D L/D 1ift-to-dreg ratio; Cr/Cp
L/Dg L/DF 11ft to forebody drag ratio; cI/ch
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SYMBOL

SURFACE

SUBSCRIPTS

SADSAC
SIMBOL

HORIZT

AILRON

CANARD
ELEVON

FLAP
RUDDER
SPOILR
TAB

AIL-L
AIL-R
ELVN-L
ELVN-R
SPLR-L
SPLR-R

NOMENCLATURE ( Continued )

Surface Definitions

DEFINITION

horizontal tall incidence; positive when
tralling edge down; degrees

symmetrical surface deflection angle; degrees§
positive deflections are:

aileron -
(left aileron
canard -
elevon -
elevator
flap
rudder
spoiler
tab -

left eaileron
right aileron
left elevon
right elevon
left spoiler
right spoller

DEFINITION

alleron

base

canard

elevator or elevon

flap

rudder or ruddervator

spoller

tail

100

total aileron deflection;
- right aileron)/2
trailing edge
trailing edge
tralling edge
trailing edge
tralling edge
tralling edge
tralling edge
to control surface
antisymmetrical surface deflection angle, degrees;
positive trailing edge down:
trailling edge down
tralling edge down
tralling edge down
trailling edge down
tralling edge down
trailing edge down

down

down

down

down

to the left

down

down with respect

NASA-MSFC-MAF



ADDITTIONS AND CHANGES TO NOMENCLATURE

SADSAC
SYMBOL  SYMBOL
iT
v
oL B ALPHAB
| A BETA
r DIHDRL
o ALPHAI
0 ALPHAO
PWRp BSTPOW
PWR ORBPOW
Sen ELVBST
5.0 ELVORB

DEFINITION

tail incidence positive when trailing edge
down, deg

velocity of vehicle relative to surrounding
atmosphere; m/sec, ft/sec

booster angle of attack, angle between the
projection of the wind X, -axis on the body X,
Z -plane and the body X-axis; deg

sideslip angle, angle between the wind X, -
axis and the projection of this axis on the
body X-Z-plane; deg

ratio of specific heats

wing dihedral angle; deg

air density; Kg/m3, slugs /ft3

incidence angle between the orbiter and booster

on the XZ plane

orbiter angle of attack, (5 = o +0<;
booster power, percent of full thrust
orbiter power, percent of full thrust

booster elevon deflection angle, positive is
trailing edge down

orbiter elevon deflection angle, positive is
trailing edge down
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ADDITIONS AND CHANGES TO NOMENCLATURE (CONTINUED)

SADSAC
SYMBOL SYMBOL
X/1y DELTAX
2/1p DELTAZ

102

DEFINITION

distance between the MRP on the orbiter and
booster messured parallel to the longltudil-
nal axis of the booster, positive when the
orbiter MRP 1s forward of the booster MRP,

the dlstance has been normelized with respect
to the booster fuselage length (16.184 inches)

distance between the MRP on the orbiter and
booster measured normel to the longltudinal
axls of the booster, positive when the orbiter
MRP 1s asbove the booster MRP, the distance hsas
been normalized with respect to the booster
fuselage length (16.184 inches)
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TABULATED DATA LISTING

A tobulated data listing, consisting of all aero data sets, both original
and those creuted in urriving at the plotted material to be presented subse-

quently, 1s available ns an addendum to this report. The tabular listing is
made up in two sections:

(#) o brief summiry list of all duta sets contuining the identifier,
the descriptor, and the resident dependent variables.

(b) a full list of 211 data sets containing all resident or

selected acrodynamic coefficients of the data sets as well as
the above mentioned information.

If copies of this listing are desired, please contact the cognizant SADSAC
personnel who, for this data, is:

J. L. Glynn

Department 2780

Chrysler Corporation Spuce Division
New Orleans, Loulsiana 70129

(50L4) 255-230k

10k



PLOTTED DATA
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 4
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AEOC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 4
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AEDC VA 1163 MOAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 4
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 4
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AEDC VA 1163 MDAC BOOSTER AND ORBITER TEST DATA AT MACH NUMBER 4
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